We report that human embryonic stem cells contain a population of vascular progenitor cells that have the ability to differentiate into endothelial-like and smooth muscle (SM)-like cells. Vascular progenitor cells were isolated from EBs grown in suspension for 10 days and were characterized by expression of the endothelial/hematopoietic marker CD34 (CD34 ϩ cells). When these cells are subsequently cultured in EGM-2 (endothelial growth medium) supplemented with vascular endothelial growth factor-165 (50 ng/mL), they give rise to endothelial-like cells characterized by a cobblestone cell morphology, expression of endothelial markers (platelet endothelial cell-adhesion molecule-1, CD34, KDR/Flk-1, vascular endothelial cadherin, von Willebrand factor), incorporation of acetylated low-density lipoprotein, and formation of capillary-like structures when placed in Matrigel. In contrast, when CD34 ϩ cells are cultured in EGM-2 supplemented with platelet-derived growth factor-BB (50 ng/mL), they give rise to SM-like cells characterized by spindle-shape morphology, expression of SM cell markers (␣-SM actin, SM myosin heavy chain, calponin, caldesmon, SM ␣-22), and the ability to contract and relax in response to common pharmacological agents such as carbachol and atropine but rarely form capillary-like structures when placed in Matrigel. Implantation studies in nude mice show that both cell types contribute to the formation of human microvasculature. Some microvessels contained mouse blood cells, which indicates functional integration with host vasculature. Therefore, the vascular progenitors isolated from human embryonic stem cells using methods established in the present study could provide a means to examine the mechanisms of endothelial and SM cell development, and they could also provide a potential source of cells for vascular tissue engineering. (Circ Res. 2007;101:286-294.) 
T he vascularization of tissue constructs remains a major challenge in regenerative medicine, as the diffusional supply of oxygen can support only 100-to 200-m thick layers of viable tissue. 1, 2 The formation of a mature and functional vascular network requires communication between endothelial cells (ECs) and smooth muscle cells (SMCs). [3] [4] [5] Isolating a population of human progenitor cells with potential for cell number expansion and differentiation into both ECs and SMCs with high efficiency could benefit the area of tissue engineering. 2, 5, 6 Embryonic stem cells (ESCs) are a potential cell source for induction of tissue vascularization. 7 Prior studies have derived ECs and SMCs cells from a common progenitor (Flk-1 ϩ cells) from mouse 6 and monkey ESCs, 8 but not from human ESCs (hESCs). We previously reported that hESCs can spontaneously generate ECs with definitive properties. 9 These cells were isolated based on the expression of platelet EC-adhesion molecule-1 (PECAM1) from embryoid bodies (EBs) grown in suspension for 13 to 15 days. Using the same endothelial 10 or other (eg, CD34 11, 12 ) markers, others have isolated endothelial progenitor cells with the ability to differentiate into mature endothelium. In addition, it has been reported that hESCs can differentiate into mesodermal cells that can give rise to ECs and SMCs 13 ; however, it is not clear that these cells were derived from the same progenitor.
Here we report that cells isolated from EBs at day 10 and expressing the hematopoietic/endothelial marker CD34 are vascular progenitor cells that can be selectively induced to differentiate into either endothelial-like (EL) (using endothelial growth medium [EGM-2] containing vascular endothelial growth factor-165 [VEGF 165 ]), or smooth muscle-like (SML) cells (using EGM-2 containing platelet-derived growth factor-BB [PDGF BB ]). When implanted in nude mice, these cells contributed to the formation of functional microvessels containing mouse blood cells. This study describes a potential source of cells for vascular tissue engineering and provides a model for the study of vascular differentiation.
Materials and Methods
An expanded Materials and Methods section is provided in the online data supplement at http://circres.ahajournals.org
Cell Culture
hESC lines H9 and H13 with normal karyotype ( Figure I in the online data supplement) were grown (passages 25 to 45; WiCell, Madison, Wis) on an inactivated mouse embryonic feeder layer (Cell Essential, Boston, Mass) as previously described. 14 The studies were performed with H9 cell line unless otherwise stated. In some cases, CD9 ϩ GCTM2 ϩ cells isolated by fluorescence-activated cell sorting (FACS) from hESCs were used to characterize the undifferentiated fraction of these cells. 15 EB formation and culture, as well as culture of relevant primary cells, can be found in the online data supplement.
Isolation and Culture of CD34 ؉ Cells
Selection of CD34 ϩ cells at day 10 was performed by labeling the hESCs with the anti-CD34 antibody (QBEND/10, Miltenyi Biotec) conjugated with magnetic beads. The magnetically labeled cells were separated into CD34 ϩ and CD34 Ϫ populations using a LS-MACS column (Miltenyi Biotec). CD34 enrichment was confirmed by flow cytometry analysis using a different anti-CD34 antibody (AC136; Miltenyi Biotec). Isolated CD34 ϩ cells were grown on 24-well plates (3ϫ10 4 cells/well) coated with 1% gelatin and containing EGM-2, or EGM-2 supplemented with VEGF 165 (50 ng/mL, R&D Systems) or PDGF BB (50 ng/mL, R&D Systems).
Transplantation in Nude Mice
EL or SML cells alone (third passage, 0.5ϫ10 6 cells in Ϸ20 L of EGM-2), or EL cells mixed with SML cells (3:1; 0.5ϫ10 6 cells in total, in 20 L of EGM-2) were suspended in 0.350 mL of Matrigel (BD Biosciences) on ice. The cell suspension was injected subcutaneously (23-gauge needle) in each side of the dorsal region of a 4-week-old male balb/c nude mice (2 implants per mouse; 3 mice per experimental condition). Matrigel without cells was used as control. After 28 days, the implants were removed, fixed overnight in 10% (vol/vol) buffered formalin at 4°C, embedded in paraffin, and sectioned for histological examination.
Histological Examination
Immunohistochemical staining of explants from animal studies was performed using the EnVisionϩ/HRP kit (Dako) with prior heat treatment at 95°C for 20 minutes in ReVeal buffer (Biocare Medical) or trypsin (1 mg/mL) for epitope recovery. For immunofluorescent staining, anti-mouse IgG Cy3 conjugate was used as secondary antibody followed by DAPI (4Ј,6-diamidino-2-phenylindole) nuclear staining. The primary antibodies were anti-human PECAM1 (1:20), anti-human collagen type IV (1:500, Sigma), anti-␣-smooth muscle actin (␣-SMA) (1:50), anti-human nuclei (1:20, Chemicon), ␤ 2microglobulin (1:50, BD Pharmingen), and the corresponding isotype controls. Biotinylated Ulex europaeus agglutinin-1 (UEA-1, 1:100; Vector Laboratories) was also used for histological staining. The number of microvessels that were immunoreactive for human collagen type IV was counted in 7 random fields from at least four implants (2 sections for each implant) at ϫ20 magnifications (corresponding to an area of 3.4ϫ10 5 m 2 ).
FACS Analysis
Undifferentiated hESCs, HUVECs, or CD34 ϩ cells grown in different growth media were dissociated with nonenzymatic cell dissociation solution (Sigma) for 10 minutes. EBs were dissociated with 0.4 U/mL collagenase B (Roche Diagnostics) for 2 hours in a 37°C incubator, followed by treatment with cell dissociation solution for 10 minutes, followed by gentle pipetting. Single cells were aliquoted (1.25 to 2.5ϫ10 5 cells were used per condition) and stained with either isotype controls or antigen-specific antibodies. A detailed list of the antibodies used and the staining procedure can be found in the online data supplement.
Western Blot Analysis
Cells differentiated for 3 passages were harvested using trypsin and lysed as reported elsewhere. 16 Briefly, sample loading buffer and reducing agent (both from Bio-Rad) were added to the lysates. Samples were heated (5 minutes, 95°C) and loaded on 4% to 15% Tris-HCl Criterion gels (Bio-Rad), separated by SDS-PAGE, and transferred to nitrocellulose. Membranes were probed for smooth muscle myosin heavy chain (SM-MHC) (8.5 g/mL, DakoCytomation), ␣-SMA (0.7 g/mL, DakoCytomation), and PECAM1 (2 g/mL; Santa Cruz Biotechnology). Blot blocking and development procedures can be found in the online data supplement.
RT-PCR Analysis
Total RNA was extracted using TRIzol (Invitrogen) according to the instructions of the manufacturer. Total RNA was quantified by a UV spectrophotometer, and 1 g was used for each reverse-transcription sample. RNA was reversed transcripted with M-MLV and oligo (dT) primers (Promega) according to the instructions of the manufacturer. PCRs were done with BIOTAQ DNA polymerase (Bioline) using 1 L of reverse-transcription product per reaction. To ensure semiquantitative results of the RT-PCR assays, the number of PCR cycles for each set of primers was verified to be in the linear range of the amplification. In addition, all RNA samples were adjusted to yield equal amplification of GAPDH (glyceraldehyde-3-phosphate dehydrogenase) as an internal standard. Primer sequences, reaction conditions, and optimal cycle numbers are published as supporting information (supplemental Table I ). The amplified products were separated on 2% agarose gels with ethidium bromide.
Statistical Analysis
An unpaired Student t test or 1-way analysis of variance with Bonferroni post test were performed for statistical tests by using GraphPad Prism 4.0 (San Diego, Calif). Results were considered significant when PՅ0.05.
Results

Vascular Differentiation During EB Development: Effects of Serum Supplements
EBs were grown in medium containing knockout serum (KO-SR) or FBS and analyzed over a 2-week period for expression of well-characterized EC (PECAM1, CD34 and KDR/Flk-1), 6, 7, 9, [17] [18] [19] SMC (␣-SMA and SM-MHC), 6, 8, 13, [17] [18] [19] and undifferentiated ESC markers (SSEA4, Nanog, and alkaline phosphatase) 20 at the gene and protein levels. Initially, hESCs expressed low or undetectable levels of CD34 and PECAM1, significant levels of KDR/Flk-1, and moderate levels of ␣-SMA and SM-MHC ( Figure 1A and 1B). The expression of KDR/Flk-1 coexisted with the expression of undifferentiated stem cell markers Nanog ( Figure 1A) , SSEA4, and alkaline phosphatase, showing that cells are undifferentiated.
The removal of undifferentiated hESCs from mouse embryonic feeder layers and subsequent culture as EBs in differentiation medium containing KO-SR reduced the ex-
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pression of alkaline phosphatase and SSEA4, indicating that cells were undergoing differentiation (Figure 2A .1). During this differentiation process, ␣-SMA and SM-MHC were highly expressed for 10 days (Figure 2A .1), expression of CD34 peaked around day 10, KDR/Flk-1 expression decreased by day 4 and remained low thereafter, and PECAM1 expression was low through the 12 days of differentiation ( Figure 2A .2). Next, we evaluated the effect of serum supplementation on EB differentiation. Use of FBS instead of KO-SR resulted in a slightly accelerated differentiation process, as indicated by the further decrease of alkaline phosphatase and SSEA4 levels and a significant (PϽ0.05) increase in the expression of CD34 (Figure 2A .1). EBs grown in medium containing FBS showed lower expression of ␣-SMA and SM-MHC than EBs grown in medium containing KO-SR. Taken together, medium supplementation with FBS enhanced the vascular differentiation of cells in EBs and contributed to high yields of CD34 ϩ cells.
Formation of Vessel-Like Structures in EBs
Confocal analysis of EBs cultured for 10 days showed that CD34 ϩ cells formed extensive vascular networks ( Figure  2B .1). The vessel-like structures resembled those we previously observed in PECAM1 ϩ cells 9 ; however, these structures were more frequent for CD34 ϩ than for PECAM1 ϩ cells ( Figure 2B .1 and 2B.2). FACS analysis confirmed that all PECAM1 ϩ cells coexpressed CD34 (supplemental Figure II) .
Isolation of CD34 ؉ Cells
A CD34 marker was used to isolate vascular progenitor cells by magnetic selection from EBs grown in differentiation medium with FBS for 10 days ( Figure 3A ). These conditions were selected because of high expression of CD34 during EB development (Figure 2A.1 and 2A. 2). The cells isolated were 92.5Ϯ6.7% (nϭ3) pure for CD34 antigen (approximately a 9-fold enrichment of the initial cell population). At this stage, CD34 ϩ cells coexpressed high levels of PECAM1 (Ϸ55%), ␣-SMA (Ϸ45%), and SSEA4 (Ϸ43%), moderate levels of KDR/Flk-1 (Ϸ16%), and low levels of the hematopoietic marker CD45 (Ϸ1%) ( Figure 3B ). The presence of these markers was also confirmed at gene level ( Figure 3C ).
Induction of CD34 ؉ Cell Differentiation Into Endothelial and SMC Lineages
The isolated CD34 ϩ cells were cultured with EGM-2 alone or medium supplemented with VEGF 165 (50 ng/mL) or PDGF BB (50 ng/mL) ( Figure 3A ) because VEGF 165 and PDGF BB have been reported to facilitate the differentiation of stem cells into ECs and SMCs, respectively. 6, 19 CD34 ϩ cells cultured in VEGF-supplemented EGM-2 for 1 passage (10 to 15 days after cell seeding) expressed high levels of EC markers ( Figure 4A ). Similar results were obtained with H13 cell line (supplemental Figure III) . As compared with human umbili-cal vein ECs (HUVECs), CD34 ϩ cells had slightly lower expression of PECAM1 and KDR/Flk-1 ( Figure 4A ), and higher expression of CD34. At this stage, the cells lost nearly all expression of the marker SSEA4, indicating their differentiated state. CD34 Ϫ cells grown in the same conditions as CD34 ϩ cells showed minimal expression of the endothelial markers (supplemental Figure IV) , indicating that CD34 ϩ cells, but not the CD34 Ϫ cells, can be effectively induced toward an endothelial lineage. CD34 ϩ cells cultured in EGM-2 or EGM-2 supplemented with PDGF BB for 1 passage showed a much lower expression of PECAM1 (26% and 18%, respectively) than the CD34 ϩ cells cultured in VEGFsupplemented medium (94%) (supplemental Figure IV) . As EGM-2 contains Ͻ5 ng/mL VEGF 165 (as measured by 
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ELISA), VEGF concentration appears to have an important role in the endothelial differentiation of CD34 ϩ cells. The proliferation rate of CD34 ϩ cells cultured in VEGFsupplemented medium is high, achieving 20 population doublings over a 2-month period. FACS analyses of CD34 ϩ cells cultured for 3 passages ( Figure 4A ) showed the expression of PECAM1 comparable to that in HUVECs (similar results were obtained by Western blot; Figure 4B and 4C), . Endothelial and SMC differentiation of CD34 ϩ cells. A, FACS analysis of HUVECs and CD34 ϩ cells isolated from EBs grown in differentiation medium with FBS for 10 days and further differentiated in EGM-2, EGM-2 supplemented with 50 ng/mL VEGF 165 , or EGM-2 supplemented with 50 ng/mL PDGF BB for 1 passage (1P; 10 to 15 days after cell seeding) or 3 passages (3P; Ϸ28 days after cell seeding). In all graphs, the percentages of positive cells were calculated based in the isotype controls (gray plot) and are shown in each histogram plot. B, Western blot analysis for CD34 ϩ cells differentiated in EGM-2, EGM-2 supplemented with 50 ng/mL VEGF 165 , or EGM-2 supplemented with 50 ng/mL PDGF BB for 3 passages. HUVECs and SMCs are included for reference. GADPH was used as standard. C, Relative band density for vascular markers using GADPH as a control protein.
albeit different regarding the expression of CD34 and KDR/ Flk-1 markers. Karyotyping analyses showed that genetic integrity was preserved during differentiation (supplemental Figure V) . Differentiated CD34 ϩ cells stained positively for vascular endothelial (VE)-cadherin at cell-cell adherent junctions, produced von Willebrand factor, and were able to incorporate acetylated low-density lipoprotein ( Figure 5A ), typical markers found in ECs (supplemental Figure VI) . Genetic analysis demonstrated that these cells express PECAM1, CD34, VE-cadherin, von Willebrand factor, and Tie2 receptor 19 but are negative for SMC markers including SM-MHC, SM␣-22, and angiopoietin-1 6,17,21 ( Figure 5E ). CD34 ϩ cells isolated from H13 cell line and differentiated in VEGF-supplemented medium presented lower levels of PECAM1 (39% versus 98%) and CD34 (14% versus 65%) compared with the H9 cell line (supplemental Figure III) , suggesting slightly different differentiation profiles in the 2 cell lines.
Cells cultured in EGM-2 or PDGF BB -supplemented medium for 3 passages expressed high levels of ␣-SMA, SM-MHC, and calponin (Figures 4 and 5B) , low levels of endothelial markers (Յ20%), and no detectable expression of the undifferentiating stem cell marker SSEA4. Western blot analysis showed that expressions of SM-MHC and ␣-SMA were higher in cells differentiated in EGM-2 supplemented 
with PDGF BB (Figure 4B and 4C) . As confirmed by RT-PCR ( Figure 5E ), PDGF BB -supplemented EGM-2 upregulated the expression of definitive SMC markers including caldesmon and SM␣-22, 17,21 and the expression of angiopoietin-1, a ligand produced by SMCs that activates the receptor Tie-2 found on ECs. 22 This indicates that the presence of PDGF BB contributed to cell maturation toward SMC phenotype. However, this process is not complete because cells express the endothelial markers angiopoietin-2 and Tie2. To examine whether these SML cells were functional, they were subjected to the effects of carbachol and atropine 23 (supplemental Figure VII) . After exposure to carbachol (10 Ϫ5 mol/L) the cells contracted 30% after 30 minutes. In addition, the muscarinic antagonist atropine was shown to block the carbacholmediated effects. Similar results were obtained in human vascular SMCs (hVSMCs). CD34 ϩ cells grown in the presence of PDGF had higher proliferation rates than CD34 ϩ cells grown in the presence of VEGF, with 42 population doublings over a 2-month period. Karyotyping analyses showed that genetic integrity was preserved during differentiation (supplemental Figure V) . The ability of CD34 ϩ cells differentiated in VEGF or PDGF-supplemented medium to form cord-like structures was also assessed by culturing these cells in the extracellular matrix basement membrane, Matrigel. 9, 13, 24 CD34 ϩ cells differentiated in VEGF-supplemented medium were able to spontaneously reorganize into cord-like structures when maintained in culture for 24 hours (Figure 5C and supplemental Figure VIII) . In contrast, CD34 ϩ cells differentiated in EGM-2 containing PDGF BB have limited ability to form cord-like structures ( Figure 5C ). Transmission electron micrographs of cord sections formed by CD34 ϩ cells differentiated in VEGF 165 -supplemented medium showed the presence of a lumen ( Figure 5D.1) , thus confirming the capacity of these cells to form vascular networks in vitro. In addition, these cells presented typical endothelial features (supplemental Figure VI ) such as the presence of round or rod-shaped structures that resemble Weibel-Palade bodies and tight junctions between cells ( Figure 5D .2). Based on the phenotype and genotype expression, the CD34 ϩ cells differentiated in VEGF 165 or PDGF BB -supplemented medium were designated EL and SML cells, respectively.
Transplantation of EL and SML Cells Into Nude Mice Resulted in Formation of Microvessels
EL or SML cells alone or EL mixed with SML cells (3:1 ratio) were suspended in Matrigel and injected subcutaneously in the dorsal region of nude mice. After 28 days, the mice were injected intravenously with fluorescein isothiocyanate-dextran solution. The Matrigel implants were then removed and imaged. Microvessels that support blood flow were observed in Matrigel implants containing EL or SML cells but rarely in Matrigel without cells (supplemental Figure  IX) . Matrigel implanted in the absence of cells showed no microvessels inside of the matrix, only at the periphery ( Figure 6A ). The constructs with EL cells showed the presence of microvessels within the Matrigel (Figure 6B.1) , most of which (Ϸ95%) were patent with empty lumens, whereas a small percentage (Ϸ5%; Figure 6B .2) contained mouse red blood cells. These microvessels were reactive for UEA-1 (specific for human ECs 25 ), anti-human PECAM1, anti-human nuclei, and anti-human collagen type IV (collagen IV is a component of the extracellular matrix actively produced by ECs 26 ) ( Figure 6 .B and supplemental Figures X and XI), indicating that they were composed of human ECs. In general, the cells and microvessels inside Matrigel were not reactive for ␣-SMA ( Figure 6B.5 ). On the other hand, implants formed by a mixture of EL and SML showed the presence of microvessels that were immunoreactive to the same human markers described above ( Figure 6C) . A fraction of these microvessels (Ϸ5% to 6%) contained mouse blood cells ( Figure 6C.1) . Cells inside Matrigel stained positively for PECAM1 (Ϸ41%) or ␣-SMA (Ϸ20%); in this last case, they formed small tubules ( Figure 6C Figure XI) . Thus, these cells have properties of SM cells. Constructs with only SML cells stained for ␣-SMA (supplemental Figure XI) showing the differentiation of these cells into the SMC lineage.
Discussion
We established a protocol for the isolation and differentiation of vascular progenitor cells from hESCs. We show that a CD34 ϩ population (of 93% purity) contains progenitors that can give rise to both EL and SML cells. This procedure includes 3 different steps: (1) the differentiation of hESCs through EBs for 10 days; (2) the isolation of CD34 ϩ cells by immunomagnetic beads; and (3) the culture of these cells in gelatin-coated dishes in the presence of EGM-2 enriched with VEGF 165 or PDGF BB for EC or SMC differentiation, respectively.
One of the specific limitations of our study is that single cell isolation and parallel divergence of its progeny was not performed. This issue should be addressed in future studies to show that the EB-derived CD34 ϩ cell that becomes a SML with PDGF exposure is the same cell that becomes an EL with VEGF exposure.
CD34 marker was selected to isolate vascular progenitor cells for several reasons. First, previous studies showed that CD34 ϩ cells from human blood cells could give rise to ECs and SMCs. 18, 19, 27, 28 Second, human EBs express this marker at higher levels than other endothelial markers including KDR/flk-1 and PECAM1. Third, CD34 is upregulated during differentiation of human EBs, in contrast to KDR/Flk-1, and all the cells that stained positively for PECAM1 on day 10 coexpress CD34. Fourth, CD34 ϩ cells form vessel-like structures within EBs.
The composition of differentiation medium exerts a significant effect on the differentiation of EBs and yield of CD34 ϩ cells. EBs grown in differentiation medium containing KO-SR yield fewer CD34 ϩ cells than EBs grown in differentiation medium containing FBS. This suggests that factors present in FBS but not in KO-SR may play an important role in the vascular differentiation of hESCs. Furthermore, our data indicate that EBs grown in FBS media differentiate more rapidly than EBs grown in KO-SR media. This agrees with previous studies showing that KO-SR contribute for an increase growth rate of undifferentiated cells. 29 Recently, it has been reported that CD34 ϩ CD31 ϩ KDR ϩ 12 or CD34 ϩ 11 cells isolated from hESCs and differentiated in the absence 12 or presence 11 of VEGF 165 , respectively, can give rise to ECs. Our data show that CD34 ϩ cells cultured in the presence of VEGF 165 differentiated into EL cells, as confirmed by their morphology, biochemical markers, and functional studies. We further demonstrate that the levels of VEGF have an important role in the differentiation of CD34 ϩ cells into ECs. This effect has not been previously described. When CD34 ϩ cells are cultured in EGM-2 (low levels of VEGF), only Ϸ26% express PECAM1 marker after the first passage, and they start to lose this marker after several passages. This may indicate that other cell types take over the cell culture likely attributable to a high proliferation rate, or that the starting cells may differentiate into other cell types. It should be noted that only CD34 ϩ cells, not CD34 Ϫ , cells express significant levels of endothelial markers when exposed to VEGF-enriched medium, which shows that medium alone is not sufficient for the differentiation of hESCs into the vascular cell lineage. Our results also show that the differentiation of CD34 ϩ cells into the endothelial lineage is slightly different for H9 and H13 cell lines. It is unclear whether this is attributable to the presence of different populations of ECs, as shown in other ESCs, 24 or differences in the differentiation profile in both cell lines.
In this study, we showed the transplantation of EL cells into nude mice using Matrigel as scaffold contributed for the formation of human microvessels ( Figure 6 ). In some cases, these microvessels contained mouse blood cells and supported blood flow, suggesting that these vessels anastomosed with the host vasculature. Our data agree with a study published during the reviewing process of this work, reporting that the transplantation of CD34 ϩ cells, isolated from hESCs, in mice contributed to the formation of blood vessels that integrated into the host circulatory system. 30 We also demonstrated that CD34 ϩ cells can give rise to SML cells and that PDGF plays an important role in this differentiation process. It has been reported that PDGF BB promotes the differentiation of mouse ESCs and CD34 ϩ cells isolated from human blood into SMCs. 6, 13, 19 CD34 ϩ cells cultured in EGM-2 containing PDGF BB for 3 passages show minimal expression of EC markers but significant expression of SMC markers. The expression of SMC markers was also observed in cells grown in EGM-2 alone. However, the expression of SM-MHC, a later marker in SMC differentiation that is not detected in other cell types, 31 was higher in PDGF conditions. In addition, upregulation of SM␣-22, caldesmon, and angiopoietin-1, known markers for maturing SMCs, 17, 21 was achieved only in differentiating CD34 ϩ cells in PDGF-enriched medium. Furthermore, these cells seem functionally different from those differentiated in EGM-2 or VEGF-supplemented EGM-2 because they rarely form cordlike structures on Matrigel. Our data also suggest that the differentiation of SML is not complete because these cells express a low percentage of PECAM1 (Ϸ5%) and CD34 (Ϸ1%) markers and genotypically express Tie2 and angiopoietin-2 markers known to be displayed by ECs. SML cells have the ability to contract or relax in response to a variety of pharmacological agents like SMCs 18, 23 and thus are functional. When SML cells were transplanted into nude mice, using Matrigel as scaffold, ␣-SMA ϩ cells were observed, forming either small tubules or surrounding microvessels.
Future studies should include further analysis of the molecular mechanism underlying vascular lineage differentiation and the influence of other growth factors in this process. It would be also important to test new scaffolds to improve the in vivo engraftment of these cells with the host vasculature of ischemic animal models.
